A physically based theoretical model is proposed to investigate the mechanical behaviour and crystallographic texture evolution of irradiated face-centred cubic metals.
A physically based theoretical model is proposed to investigate the mechanical behaviour and crystallographic texture evolution of irradiated face-centred cubic metals.
This model is capable of capturing the main features of irradiated polycrystalline materials including irradiation hardening, post-yield softening and plasticity localization. Numerical results show a good agreement with experimental data for both unirradiated and irradiated stress-strain relationships. The study of crystallographic texture reveals that the initial randomly distributed texture of unirradiated metals under tensile loading can evolve into a mixture of [111] 
Introduction
Irradiation damage can dramatically affect the mechanical behaviour of metallic materials, including the increase of yield stress, decrease of strain hardening coefficient and reduction of ductility [1] [2] [3] . Over the past decades, the study of irradiation effect on the mechanical property of metallic materials has gradually become a research hotspot [4] . When irradiated materials are loaded, irradiation-induced defects can impede the movement of dislocations, which results in irradiation hardening [5] [6] [7] [8] . During the plastic deformation process, defects can be annihilated through the dislocation-defect interaction that may give rise to the formation of defect-free dislocation channels [9, 10] . Flow localization along these dislocation channels would facilitate the formation of micro-voids, and result in the premature failure of metals.
In recent years, several atomistic simulations have been performed on the dislocation-defect interaction, which plays a key role for determining the macroscopic behaviour of irradiated metals. For instance, Marian et al. [11] performed a multiscale modelling for the dislocation-defect interaction in copper, and proposed a scaling law to characterize the resistance for the slipping dislocations which is dependent on the contact position. Osetsky et al. [12] studied the interaction between a dislocation and a stacking fault tetrahedral (SFT) in copper by molecular dynamics (MD) simulations, and found that the interaction position where a dislocation passes through an SFT affected the defect annihilation probability. Moreover, three-dimensional multiscale simulations were applied to reveal the underlying mechanisms for the formation of defect-free channels based on the dislocation-defect interaction process [13] . As a whole, the dislocationdefect interaction is closely dependent on their contact positions, which influences both the slipping resistance and annihilation probability of the SFT.
Though atomistic simulations are useful to uncover the fundamental mechanism of the dislocation-defect interaction, it is quite difficult to directly obtain the macroscopic behaviour of irradiated metals. Therefore, some continuum models have been proposed to study the stressstrain relationship of irradiated face-centred cubic (FCC) materials considering the impediment of irradiation-induced defects on dislocation sliding and their mutual interaction process. For example, Arsenlis et al. [14] concentrated on the plastic behaviours of polycrystalline copper with irradiation damage, while the effects of crystalline texture and material anisotropy were ignored. Krishna et al. [15] developed a model to describe the annihilation probability of SFTs. In this model, the defects and dislocations had some similar properties such as evolution laws and hardening behaviours, and it was thought that the dislocation-defect interaction only occurred on same habit planes [15] . Rahul & De [16] proposed a model to describe the evolution of dislocation and defect density, aiming at the macroscopic behaviour of irradiated FCC metals by a Jacobian-free multiscale method (JFMM). However, the plasticity localization phenomenon may be neglected because of the limitation of JFMM. Grain size is identified as a key factor in physical properties of materials [17, 18] . To consider the combined impact of irradiation damage and size effect, Xiao et al. [19] developed a tensorial model to depict the three-dimensional structure properties of SFTs, and the mechanical behaviours of single crystals were obtained. Actually, on the one hand, the SFT has a special three-dimensional structure such that dislocations from different slipping planes can interact with the same SFT; on the other hand, it has been revealed that there is a direct connection between the dislocation-defect interaction and their contact position [11, 12] . Therefore, it is necessary to develop a physically based continuum model which takes into account the contact position in the dislocation-defect interaction description.
Generally, crystallographic texture is an important factor affecting the mechanical property of polycrystalline materials [20] [21] [22] [23] [24] [25] . For example, Gehrmann et al. [20] the effect of initial texture on the deformation behaviour and texture evolution of magnesium, and found that both the formability and deformation homogeneity were closely related to initial texture. Through equal channel angular pressing, Li et al. [21] developed a novel kind of initial texture that could make the specimen exhibit low yield stress and good elongation at room temperature. Li et al. [22] took a detailed investigation on the strain hardening and texture evolution in high manganese steels, and revealed that the deformation twinning played a leading role at the early stage of plastic deformation. Also, it was noted that the mechanical twinning of BCC materials was closely dependent on texture evolution [23] . Moreover, Hirsch & Al-Samman [25] proposed that crystallographic texture engineering was an efficient technique to design new alloys with optimized strength and ductility for automotive applications. Therefore, it can be concluded that the mechanical behaviours of polycrystals, such as yield stress, strain hardening and ductility, have a close dependence on crystallographic texture [26] .
In particular, over the last decades, a number of experiments and numerical simulations have been performed to study the texture evolution of FCC metals [26] [27] [28] [29] . For example, Kalidindi et al. [27] and Bronkhorst et al. [28] took an investigation on the texture evolution of polycrystalline copper, and it was found that the evolution of crystallographic texture varied with different loading conditions. Huang & Hansen [29] studied the texture evolution of copper under tensile loading, and revealed that three different kinds of microstructure emerged during the deformation process. Gu et al. [26] performed a series of experiments and simulations to explore the mutual effect of grain size and texture evolution on the materials behaviours. The experiments and simulations mentioned above indicated that the texture evolution played an important role in determining mechanical properties of FCC metals.
In summary, irradiation-induced defects have a strong impact on the macroscopic behaviour of FCC metals, and crystallographic texture evolution is another critical factor in determining the mechanical performance of materials. It can be deduced that the texture evolution makes a difference due to the existence of irradiation defects. In reality, plastic behaviour can result in the evolution of both microstructures (e.g. dislocations and defects) and texture in irradiated systems. The former affects constitutive relationships, and the latter influences grain rotations. Both of them would eventually influence the macroscopic behaviour of polycrystalline materials. Consequently, it is necessary to simultaneously analyse the effect of irradiation-induced defects and crystallographic texture to deeply understand how irradiation influences the plastic deformation process. However, few attempts have been focused on the mutual effect of texture evolution and irradiation-induced defects on the macroscopic behaviour of irradiated FCC metals.
In this paper, the mechanical behaviour of FCC metals involving the effect of both irradiation and texture evolution is explored. For the behaviour of irradiated individual grains, the evolution of dislocation and defect densities is analysed, in which the dislocation-defect interaction with their contact position description is taken into account. At the polycrystalline level, the influence of texture evolution is considered coupling with irradiation-induced defects for the macroscopic behaviour of irradiated FCC metals. The paper is organized as follows: in §2, the crystal plasticity theory and evolution equations of crystallographic texture with irradiation effect are systematically introduced. In §3, the proposed model is used to investigate the mechanical property of FCC copper, and the numerical results under different conditions are presented. In §4, a detailed analysis on texture evolution with irradiation effect is carried out. In §5, we close with some conclusion.
Crystal plasticity theory and texture evolution equations with irradiation effect (a) Crystal plasticity theory with irradiation effect
Under the framework of classical crystal plasticity theory [30] [31] [32] , the deformation gradient F describing the deformation process of materials can be decomposed into elastic and plastic parts, i.e. where the superscripts 'e' and 'p' denote elasticity and plasticity, respectively. Following the flow rule, it is assumed that plastic deformation is dominated by the slipping of dislocations on slip systems. Hence, the rate of plastic deformation gradientḞ p can be given bẏ
whereγ α is the shearing slip rate on slip system α, and N s is the total number of slip systems. For FCC materials, there are 12 octahedral slip systems characterized by the Miller indexes {111} 110 . Unit vectors s α and n α represent the slip direction and normal direction of slip plane in the current configuration, respectively. The Green strain tensor E e is related to the elastic right Cauchy-Green strain tensor C e by
where I is the second-order unit tensor. Here, the second Piola-Kirchhoff stress T (1) and the Green strain tensor E e satisfy
where C denotes the fourth-order stiffness tensor.
To characterize the shearing slip rateγ α on slip system α, a power law is adopted as [33, 34] 
whereγ 0 and m denote the reference shearing slip rate and strain rate sensitivity, respectively. The critical resolved shear stress τ α c (CRSS) representing the hardening and softening effects will be discussed later. And the resolved shear stress τ α (RSS) is defined by
where S α is the Schimid tensor defined by S α = 1 2 (s α ⊗ n α + n α ⊗ s α ). With irradiation effect, the moving dislocations can be impeded by both network dislocations and irradiation-induced defects, which contribute to the CRSS τ α c , i.e.
where τ 0 (the intrinsic lattice resistance) is usually quite small compared with the last two terms, and is ignored in this work; τ α dis is the hardening contribution due to network dislocations [35] . Here, μ is the shear modulus, b represents the magnitude of the Burgers vector, ρ β dis signifies the dislocation density on slip system β and K αβ is the dislocation interaction matrix which can be expressed as During the plastic deformation process, both the generation and annihilation of dislocations could contribute to the evolution of CRSS on activated slip systems. According to previous theoretical work [35, 36] , the evolution of dislocation density can be expressed aṡ
where the first term on the right-hand side denotes the generation rate of dislocation density, and the second term signifies the dislocation annihilation rate. Here, k 1 and k 2 are the parameters describing dislocation generation and annihilation, respectively. Besides the evolution of dislocations, irradiation-induced defects would be annihilated during the dislocation-defect interaction process. The annihilation rateṄ β def of defects belonging to habit plane β depends on both the interaction frequency f βα and effective annihilation probability P α ,
Here, the interaction frequency f βα indicates the dislocation-defect interaction time per unit time and volume, and α denotes the slip system of dislocations. Therefore, one can have
where S α (=L α dis v t) is the total area of the swept region for dislocations with total length L α dis and average velocityv within time t as shown in figure 1 .
is the height of the interaction region, and V is the total volume of the object element. Here, an SFT is treated as a regular tetrahedron structure. Substituting ρ α (=L α dis /V) into equation (2.12), f βα can be expressed as
Furthermore, with the consideration of shearing strain rateγ α (= ρ α bv), equation (2.13) can be recasted as
(2.14) [12] . The dots denote atomistic results and the line is the corresponding fitting result.
Equation (2.14) indicates that the dislocation-defect interaction frequency relies on the plastic deformation, material property, as well as the size and density of defects. When the plastic deformation behaviour is activated (γ α > 0), the interaction process can occur ( f βα > 0).
Generally, an integrated annihilation event can be divided into three stages: contact, traverse and destruction, which are totally involved for the analyses of the effective annihilation probability. So far, several numerical studies have been carried out for the dislocation-defects interactions [11, 12, [37] [38] [39] [40] . It has been indicated that the interaction between dislocations and SFTs depends on the contact position where a dislocation passes through an SFT, i.e. the distance from the dislocation sliding plane to the basement of the SFT [11, 12] . Moreover, it was found that a nearly linear relationship exists between the SFT strength and distance to the basement based on an atomic scale modelling as shown in figure 2 [12] . Here, the SFT strength was defined as the critical stress required for a dislocation to fully traverse an SFT. Some similar phenomena were also observed in the simulation work of [11] for the interaction of SFTs and three kinds of dislocations (i.e. edge, screw and mixed). Therefore, during the dislocation-SFT interaction process, the effective traversable region h α can be expressed as
where τ max is the maximum strength of SFTs and h β 0 is the height of SFTs, i.e. the distance from the vertex of SFTs to the basement. With an initial SFT size of d β def , τ max is a constant at a fixed temperature and loading rate. Following the given yield criterion in equation (2.7), shear strain occurs on slip system α when τ α ≈ τ α c . And the third term τ α def is identified as the driving force of individual dislocations to pass through an SFT. When τ α def < τ max , the driving force is not large enough, and the dislocation can only traverse parts of the SFT; when τ α def ≥ τ max , the driving force is large enough that dislocations can traverse through the SFT from any interaction position, therefore, the traversable height is equal to h β 0 . It has been revealed in experiments and MD simulations that the interaction process within the traversable region is quite complicated; SFTs may evolve into smaller ones until be completely absorbed. Here, an annihilation probability is proposed to depict whether the SFT can be annihilated or not. Usually, both temperature and sweeping area could affect the annihilation process [12] . And above room temperature, it was noted that the annihilation probability of SFTs increases with the sweeping area S SFT . Therefore, a linear relationship is assumed here between the annihilation probability P and S SFT , i.e.
where S max is the maximum sweeping area, i.e. the bottom area of SFTs. Finally, as a dislocation can traverse an SFT at a random position within the effective traversable region, based on equations (2.15) and (2.16) one can obtain the statistical mean annihilation probability P α , which is expressed as
Combining equations (2.11) (2.14) and (2.17), the evolution equation of defect density is derived asṄ
Equation (2.18) indicates that the evolution of defect density on habit plane β is related to the shear strain rate on each slip system (γ α ), Burgers vector (b), defect information (N β def and d β def ), defect strength (τ max ) and defect hardening resistance (τ α def ). In the above, the framework describing the plastic deformation of irradiated FCC metals has been introduced. In the following, the effect of texture evolution on the macroscopic behaviour of irradiated polycrystals will be discussed.
(b) Evolution equations of texture
For irradiated metals, irradiation-induced defects can dramatically affect the plastic deformation of materials, which is usually accompanied by the evolution of crystallographic orientation, i.e. texture evolution. Therefore, it is rational to deduce that the existence of defects can influence texture evolution, which, in turn, change the macroscopic deformation behaviour.
In fact, the grain orientation can be characterized by a rotation matrix Q, which is related to three Euler angles (ϕ 1 , ψ, ϕ 2 ). During the deformation process, Q obeys the following rule: 19) where Q is the new rotation matrix in the current configuration. R e denotes the lattice rotation, which can be expressed as R e = F e · (U e ) −1 . Here, F e and U e are, respectively, the elastic deformation gradient and lattice elongation in the initial configuration. It should be noted that irradiation-induced defects can influence the plastic deformation of materials, which, consequently, results in the change of elastic deformation gradient with irradiation effect (F e = F · (F p ) −1 ). Therefore, it can be seen from equation (2. affected due to the existence of irradiation-induced defects. With the evolution of Q, both the Schmid tensor and stiffness tensor follow the rotation transformation rules as
where S α mn and C mnpq , respectively, denote the components of the Schmid and stiffness tensors of each grain at the local coordinate system, (S α ij ) and C ijkl denote the ones at the global coordinate system. In this way, texture evolution with irradiation effect can affect the marcoscopic behaviour of irradiated materials.
Modelling process and numerical results for mechanical behaviours
The crystal plasticity model involving irradiation effect combined with the texture evolution equations proposed in §2 is implemented in ABAQUS as a User Material subroutine (VUMAT). C3D8R elements are used in the modelling of both single and polycrystals, which employ linear interpolation and reduced integration. Regarding the single crystals, a cube with dimensions 0.1 × 0.1 × 0.6 mm is used as shown in figure 3a. The total number of meshed elements and grains are 20250 and 400, respectively. Figure 3b shows the schematic model of polycrystals created by a Neper software [41] which has been developed by Knezevic & Barrett [42, 43] . The initial grain orientation is assumed to be randomly distributed and the average grain size is approximately 250 µm. The total number of elements is 40 793. The loading and boundary conditions are presented in figure 3c , which are the same for single and polycrystals. The polycrystal model will be adopted to study the irradiation effect on the mechanical behaviour and texture evolution of polycrystalline copper at room temperature.
(a) Parameter calibration
For copper, the corresponding shear modulus and the Poisson s ratio are 48.5 and 0.3 GPa [14] , respectively. The length of the Burgers vector is 2.56 × 10 −10 m. The elastic constants C 11 , C 12 and C 44 are 170.0, 123.0 and 75.5 GPa, respectively. The intrinsic lattice resistance is quite small and neglected [3] . The initial dislocation density is assumed to be 1 × 10 11 m −2 [35] . The initial size d def of SFTs varies from 2.0 to 3.0 nm [2, 16] , the average size is 2.5 nm [44] , and is fixed at 2.0 nm at 0.01 dpa and 3.0 nm at 0.1 dpa. At 0.01 and 0.10 dpa, the initial total defect density N def = [2] . We take ω 3 = ω 4 = 1 because dislocations and defects have the same habit planes, and the resistance of SFTs to dislocation sliding is equivalent for all slip systems. All the rest parameters used in the calculation are listed in table 1.
(b) Irradiation effect on mechanical behaviour of copper
In this subsection, the calculated stress-strain relationships of single and polycrystalline copper are compared with corresponding experimental data to validate the reliability and accuracy of the proposed constitutive equation and simulation process. With irradiation effect, the mechanical behaviour can be dramatically affected by irradiationinduced defects, and equations (2.11)-(2.18) are introduced to depict the irradiation damage effect. As shown in figure 5 , the yield stress of the irradiated single crystal increases obviously when the loading direction is [100], and the strain rate is 2.0 × 10 −4 s −1 . The irradiation-induced hardening originates from the impediment of sliding dislocations by defects, which is consistent with experimental observations [2, 48] . Moreover, the evolution of flow stress is closely related to the evolution of dislocation density and defect density. When the initial defect density is low, the multiplication of dislocations would dominate the strain hardening behaviour. Otherwise, when the initial defect density is high enough, the annihilation of defects can lead to the formation of defect-free dislocation channels [49] , which results in the decrease of flow stress after the yield stress point, as illustrated in figure 5 , is at 0.10 dpa. Figure 6 illustrates the irradiation effect on the activity of slip systems for single crystal copper when loaded along the [100], [111] and [149] directions, respectively. Four representative slip systems have been taken for the comparison. As illustrated in figure 6 , the strain rate of these four slip systems has been compared between the irradiated and unirradiated situations. It can be seen that irradiation has a significant impact on the activity of slip systems, and the corresponding influence varies for different slip systems and loading directions. It is the irradiation effect that influences the activity of slip systems that finally affects the texture evolution of polycrystals.
(ii) Mechanical behaviour of polycrystalline copper
In this subsection, irradiation effect on the mechanical behaviour of polycrystalline copper is explored with the consideration of constitutive equations for irradiated single crystals (equations (2.1)-(2.18)), the intergranular interaction and texture evolution as mentioned in §2b. The stress-strain curves at different irradiation doses are calculated and shown in figure 7 . It can be seen that the simulation results are in good agreement with experimental data [2] for both the hardening behaviour and flow stress evolution. At 0.01 dpa, the yield stress increases due to the additional resistance of irradiation defects to dislocation slipping. Meanwhile, the work hardening rate decreases and no obvious softening phenomenon is observed, which mainly comes from the dominant role played by the evolution of dislocations. When the irradiation dose goes up to 0.10 dpa, material softening occurs after yielding due to the annihilation of defects, which is subsequently followed by strain hardening that is related to the multiplication of dislocations. This flow localization phenomenon mainly comes from the formation of defect-free dislocation channels. The equivalent plastic strain contours of both unirradiated and irradiated polycrystalline copper are shown in figure 8 when the strain reaches 0.03. At the early stage after yielding, the plastic deformation is nearly uniform for the unirradiated case. With the irradiation effect, the concentration of plastic deformation appears and gradually becomes obvious with the increase in irradiation dose, i.e. the maximum plastic strain varies from 4.002 × 10 −2 to 5.566 × 10 −2 .
Texture evolution with irradiation effect
In this section, irradiation effect on the evolution of crystallographic texture of polycrystalline copper is analysed based on the theoretical framework proposed in §2. The analysis includes three steps. Firstly, based on the calibrated proposed model, the texture evolution without irradiation effect is compared with experimental data with different loading conditions in order to validate the modelling and texture analyses. Secondly, the irradiation effect on texture evolution is studied, where the main difference is presented when compared with the unirradiated situation. Finally, a novel analyses method is proposed to quantitatively describe the irradiation effect on texture evolution, and the corresponding mechanisms are discussed.
(a) Texture evolution without irradiation effect
To effectively analyse the texture evolution process, a three-dimensional geometrical model with the dimensions of 1.5 × 1.5 × 1.5 mm is considered, which contains 27 000 elements and each element represents an individual grain [28] . For the texture analysis with irradiation effect, the model as shown in figure 3b is adopted. Four different loading conditions are considered here: (1) Simple compression: the displacements on the planes where x = 0, y = 0 and z = 0 are, respectively, set as u = 0, v = 0 and w = 0. Here, u, v and w indicate the displacement along the x-, y-and z-axis, respectively. The faces where x = 1.5 mm and y = 1.5 mm are set as free surfaces. Displacement loading is applied along the opposite direction of z-axis as shown in figure 9a . (2) Simple tension: the displacements along the x-, y-and z-axis on the plane where z = 0 are constrained. Displacement loading is applied along the opposite direction of the zaxis as illustrated in figure 10a. (3) Plane strain compression: the boundary condition follows that of simple compression, and the displacement on the face where x = 1.5 mm is set as u = 0. Displacement loading is performed in the minus z-direction as presented in figure 11a . (4) Simple shear: v = 0 is set on the planes where y = 0 and y = 1.5 mm. Nodes on the planes where x = 0 and x = 1.5 mm are set as u = y with a strain rate of 10 −3 s −1 as exhibited in figure 12a . It is noted that the loading conditions for simple compression and plane strain compression follow those of [50] , and the case for simple shear refers to that of [28] .
As shown in figures 9-12, the calculated {111}, {100} and {110} pole figures are compared with both experimental data and simulation results obtained from [28] under these four different loading conditions. A good agreement is achieved for the respective condition. 
(b) Texture evolution with irradiation effect
To study the irradiation effect on texture evolution, the crystal plasticity model with irradiation effect presented in §2 is adopted. The defect density is 4.5 × 10 23 m −3 , and the simple tension loading condition with a strain rate of 2.0 × 10 −4 s −1 as shown in figure 3 is performed. When the strain, respectively, reaches 0.1 and 0.2, one can have the {111}, {100} and {110} pole figures before and after irradiation as shown in figure 13a ,c,e,g. Moreover, the differences between the deformed and undeformed pole figures are presented in figure 13b ,d,f,h for both the unirradiated and irradiated situations. Actually, the initial texture is assumed to be the same for both cases. However, the difference increases with plastic deformation, and the difference is more obvious for the irradiated cases (i.e. figure 13f,h) than that for the unirradiated cases (i.e. figure 13b,d) , which indicates that the evolution of crystallographic texture can be affected by irradiation.
Here, the irradiation effect on texture evolution is analysed based on also inverse pole figures. To begin with, the simulation result of inverse pole figures is compared with experimental data for unirradiated polycrystalline copper when the strain reaches 0.37 in order to verify the statistical method. It is obvious to see in figure 14 that the simulation results are in good agreement with the experimental data. Then, a novel analysis method is proposed to quantitatively investigate the evolution of each texture component based on the inverse pole figure: (1) as illustrated in figure 15 Moreover, the pole figure difference (PFD) [52] between textures at two different positions has been introduced to quantify the degree of the texture difference, which can be expressed as where ϕ and θ are the coordinates in a {hkl} pole figure, I ref (ϕ,θ) represents an initial random texture and I (ϕ,θ) is the pole figure intensity concerned. It is shown in table 2 that the unirradiated case has lower PFD values than the irradiated one. As a lower PFD value signifies smaller differences between the textures, it can be concluded that the irradiation effect accelerates the texture development, which coincides with the previous conclusion. The difference is that PFD values characterize a specific condition, while figure 16 describes the evolution process of crystallographic texture.
Moreover figure 17 , it can be seen that: (1) η uni is around 0.35 for the unirradiated situation, which is quite close to the measured experimental result [53] . (2) Figure 13 . The pole figures and differences between deformed and undeformed pole figures under different irradiation conditions and strains.
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(b) (a) Figure 14 . (a) The simulation result and (b) experimental data [51] for the inverse pole figure of unirradiated polycrystalline copper under tensile loading condition when ε = 0.37.
gradually becomes dominant. Actually, the simulation results are consistent with experimental observations. For instance, Krishna et al. [15] 16 and 17 (the initial texture is the same for both cases). The main reasons are that, on the one hand, the yield stress of different oriented crystals increases due to the impediment of sliding dislocations by defects, and the lower the Schmid factor, the higher is the yield stress. Therefore, the yield strength of [100] and [111] oriented crystals with irradiation effect is still higher than that of [110] oriented crystals. On the other hand, the generation of dislocations during the plastic deformation process accelerates due to the higher yield stress, and the flow stress is still at a high level though a part of the defects could be annihilated. Therefore, the initial randomly oriented crystals with irradiation effect tend to evolve into [100] and [111] textures, and this process is faster than that without irradiation effect.
In a conclusion, the ratio of [111] texture increases in an irradiated system; meanwhile, [111]-oriented grains possess higher strength as well as higher flow stress. Thus, the overall strength of irradiated metals is increased, which is consistent with irradiation-induced hardening. As a consequence, the irradiation effect on texture evolution is one of the reasons for the mechanical behaviour affected by irradiation damage. 
Conclusion
In this paper, the texture evolution and mechanical behaviour of irradiated FCC metals are studied. For the crystal plasticity theory with irradiation effect, the contact position description for the dislocation-defect interaction is considered to characterize the evolution of dislocation and defect densities, which describes the change of flow stress with deformation of irradiated FCC metals. To quantitatively investigate the evolution of texture components with and without irradiation effect, a novel statistic method is proposed to describe the evolution of each texture component with plastic deformation. The main conclusions are as follows:
(1) The proposed physically based constitutive model can capture the main features of irradiated FCC metals, which include the increase of yield stress, post-yield dropping and plasticity localization. The numerical results are in good agreement with the experimental data of copper with/without irradiation effect, which can verify the feasibility and accuracy of the constitutive equations. (2) Without irradiation effect, the simulation result of texture evolution behaviour is consistent with corresponding experimental data for the cases of simple compression, simple tension, plane strain compression and simple shear, by which the fundamental mechanisms applied in the proposed model are justified. Competing interests. We declare we have no competing interests.
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